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(54) TOOL POSITIONING STRUCTURE AND WORKING MACHINE 


(57) To make it possible to carry out tool position 
adjustment automatically with high accuracy. 
A tool holder 1 0 is, on one end thereof, fixed on a shank 
12 and has, on the other end thereof, a housing 16 
whereon a tool 14 such as a boring bar is mounted on 
the side thereof, a drive mechanism 1 8 that imparts a 
force to rotate around the center axis of the shank 12, 
and a rotating force conversion mechanism 20 that is 
capable of adjusting the position of the tool 14 in the 
radial direction by converting the rotating force into lin- 
ear motion in only one direction among radial directions 
of the shank 12. 
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Description 

DETAILED DESCRIPTION OF THE INVENTION 

FIELD OF THE INDUSTRIAL UTILIZATION s 

[0001] The present invention relates to a tool posi- 
tion adjustment mechanism whereon a tool is mounted 
and an apparatus wherein the tool position adjustment 
mechanism is incorporated. 

BACKGROUND OF THE INVENTION 

[0002] An automatic tool changing mechanism 
(ATC) is usually used in a machining center or the like to 
carry out the operations of automatically changing vari- 
ous tools. For this type of operation, a machine provided 
with a tool holder that has the so-called ATC shank is 
used, with such a constitution being generally employed 
as the tool holder is automatically mounted on and 
removed from a spindle. 

[0003] To carry out a high-precision operation such 
as boring on the machine, adjustment of tool nose posi- 
tion is required. In order to change a tool tip that has 
worn out with a new tool tip, although the tool nose posi- 
tion is preset in accordance to the target dimension of 
machining, the presence of preset error makes it indis- 
pensable to carry out a trial machining operation and, 
based on the result thereof, adjust the tool nose position 
before starting the actual machining operation. 
[0004] In case a machining accuracy higher than 
the accuracy of the ATC operation is required, machin- 
ing operation cannot be started immediately upon auto- 
matic changing of the tool. Therefore, after preliminary 
machining is carried out wherein a workpiece is 
machined to a diameter smaller than the target diame- 
ter, the tool nose position is adjusted using the dimen- 
sion achieved in the preliminary machining, before 
starting the actual machining operation. 
[0005] Moreover, when machining operations are 
repeated using the same tool tip, the tools tip wears 
resulting in a change in the machined diameter. Accord- 
ingly, adjustment of tool nose position is carried out as 
the machined diameter changes. 

PROBLEM THE INVENTION AIMS TO SOLVE 

[0006] However, the adjustment of tool nose posi- 
tion described above relies on manual operation of a 
human operator in actuality, because it requires an 
accuracy in the order of micrometers, The operator 
adjusts the tool nose position relying on the subtle feel- 
ing of the finger touch while measuring with a dial gauge 
having an accuracy in the order of micrometers, and 
there has been such a problem that the adjustment 
operation is very tedious and time-consuming. 
[0007] The present invention aims at solving the 
problems described above, and an object thereof is to 
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provide an tool position adjustment mechanism capable 
of carrying out the tool position adjusting operation 
automatically with high accuracy, and an apparatus pro- 
vided therewith. 

MEANS FOR SOLVING THE PROBLEM 

[0008] In the tool position adjustment mechanism of 
the present invention, in order to solve the problems 
described above, when a rotating force around the axis 
of a shank is applied via a drive mechanism, the rotating 
force is converted to that in only one straight direction 
among radial directions perpendicular to the axial direc- 
tion under the action of a rotating force conversion 
mechanism. A housing has a fixed portion that is 
installed on the shank, a movable portion whereon a 
tool is mounted and an elastic portion disposed 
between the fixed portion and the movable portion, with 
the tool position being adjusted in the radial direction of 
the shank. 

[0009] Thus the housing itself whereon the tool is 
mounted has the function of adjusting the position and 
is sufficiently durable against high-speed rotation, the 
vibration of the cutting operation and the like, while mak- 
ing it possible to automatically and easily adjust the tool 
position in the radial direction of the shank. 
[0010] The rotating force conversion mechanism 
has an inner housing that is fixed on the shank, a first 
eccentric ring freely rotatable along the outer circumfer- 
ence of the inner housing, a second eccentric ring that 
is disposed so that the center of the inner circumference 
thereof which accommodates the first eccentric ring is 
offset and is freely rotatable along the inner circumfer- 
ence of the movable portion, and power transmitting 
means that transmits the rotating force of the drive 
mechanism after conversion thereof into rotating move- 
ments of the first and second eccentric rings which are 
in opposite directions and in synchronization with each 
other. As a consequence, it is made possible to effi- 
ciently convert the rotating force of the drive mechanism 
into linear motion in the radial direction of the tool, and 
sufficiently tolerate the resistance to cutting and the like. 
[001 1 ] The transmitting means has first and second 
drive gears connected to the drive mechanism, an 
external gear that is mounted on the first eccentric ring 
and is in mesh with the first drive gear and an internal 
gear that is mounted on the second eccentric ring and is 
in mesh with the second drive gear, wherein the pitch 
circle diameter X of the external gear, the pitch circle 
diameter x of the first drive gear, the pitch circle diame- 
ter Y of the internal gear and the pitch circle diameter y 
of the second drive gear are set so as to satisfy the rela- 
tionships: X/x = Y/y and X + x = Y - y . This constitu- 
tion makes it possible to transmit the rotation 
movements in opposite directions and in synchroniza- 
tion with each other to the first and second eccentric 
rings with a simple operation. A plurality of rolling bodies 
are disposed in sliding portions of the inner housing, the 
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first eccentric ring, the second eccentric ring and the 
movable portion, so that the rotating force conversion 
mechanism is driven smoothly. 

[0012] The rotating force conversion mechanism 
has an outer housing fixed on the shank while surround- 5 
ing the housing, the first eccentric ring freely rotatable 
along the outer circumference of the movable portion, 
the second eccentric ring that is disposed so that the 
center of the inner circumference thereof which accom- 
modates the first eccentric ring is offset and is freely 
rotatable along the inner circumference of the movable 
portion, and the transmitting means that transmits the 
rotating force of the drive mechanism after conversion 
thereof into rotating movements of the first and second 
eccentric rings which are in opposite directions and in 
synchronization with each other. In this constitution, the 
housing is surrounded by the outer housing so that the 
housing can be effectively reduced in size, while main- 
taining a desired level of rigidity. 

[0013] The rotating force conversion mechanism 
also has a tapered shaft that is connected to the drive 
mechanism to be rotated thereby, expandable and con- 
tractable ring member that is integrally inserted into the 
inner surface of a first support portion of the fixed por- 
tion and into the inner surface of a second support por- 
tion, and has a tapered inner circumference spaced by 
a predetermined space from the tapered outer circum- 
ference of the tapered shaft, and roller members that 
are disposed in the clearance to make integral contact 
with the tapered outer circumference and the tapered 
inner circumference while rolling with the axis thereof 
being inclined in the circumferential direction of the 
tapered outer circumference. As a consequence, it is 
made possible to efficiently convert the rotating force of 
the drive mechanism into linear motion in the radial 
direction of the tool, and sufficiently tolerate the resist- 
ance to cutting. 

[0014] Also the tool position detecting mechanism 
that detects the moving state of the tool in said radial 
direction is provided, so that the operation of adjusting 
the tool position is carried out more efficiently with a 
high accuracy. 

[001 5] In the apparatus of the present invention, the 
drive mechanism is controlled according to signals from 
the tool position detecting mechanism by the controller 
carrying out radio communication with the transceiver 
mechanism installed in the tool holder. With this consti- 
tution, the operation of adjusting the tool position is car- 
ried out automatically with a high accuracy by remote 
operation via the controller through radio communica- 
tion. The tool holder can be freely mounted on and 
removed from the spindle, thereby simplifying the main- 
tenance and management of the tool holder. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[001 6] Fig. 1 is a longitudinal sectional view showing 
a tool holder 10 that is the tool position adjustment 
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mechanism according to the first embodiment of the 
present invention. Fig.2 is a sectional view along line II- 
II in Fig.1. 

[0017] The tool holder 10 has a housing 1 6 one end 
of which is fixed on a shank 12 with a tool 14 such as a 
boring bar mounted on the other end thereof, a drive 
mechanism 1 8 that imparts a force to rotate around the 
axis (direction of arrow A) of the shank 12, and a rotat- 
ing force conversion mechanism 20 that is capable of 
adjusting the position of the tool 14 in the radial direction 
by converting the rotating force into linear movement in 
only one straight direction (direction of arrow B) among 
the radial directions of the shank. 
[0018] The housing 1 6 has a fixed portion 22 that is 
fixed on the shank 12, a movable portion 24 whereon 
the tool 14 is mounted, and a pair of parallel elastic por- 
tions 26a, 26b of flat plate shape that are disposed 
between the fixed portion 22 and the movable portion 
24 and are freely movable in only in one straight direc- 
tion (direction of arrow B) among radial directions per- 
pendicular to the axial direction of the shank 12. The 
fixed portion 22 and the movable portion 24 are made in 
ring shape, while an inner circumference 30 is formed 
on the inside of the movable portion 24. The elastic por- 
tions 26a, 26b are made relatively thin to be capable of 
making elastic deformation and are disposed between 
the fixed portion 22 and the movable portion 24 inte- 
grally therewith, but may also be made separately from 
the fixed portion 22 and the movable portion 24, while 
being fixed by means of screw or the like. Number of the 
elastic portions 26a, 26b is not limited to one pair, and 
may be two or more pairs as long as disposed in parallel 
to each other. 

[001 9] The drive mechanism 1 8 has a drive shaft 32 
that extends from a rotary drive power source incorpo- 
rated in the tool holder 10 and is not shown, with the 
rotating force conversion mechanism 20 being con- 
nected to the drive shaft 32. The rotating force conver- 
sion mechanism 20 has an inner housing 36 that is fixed 
on the shank 1 2 in the housing 1 6 and has an outer cir- 
cumference 34 which is concentric with the shank 1 2, a 
first eccentric ring 38, of which center 01 is offset by a 
distance H from the center O of the shank 12 (refer to 
Fig.2), that is freely rotatable along the outer circumfer- 
ence 34 of the inner housing 36, a second eccentric ring 
44, of which center 02 is concentric with the center O of 
the shank 12 at a predetermined angular position and 
an inner circumference 40 thereof that accommodates 
the first eccentric ring 38 is offset while an outer circum- 
ference 42 thereof is freely rotatable along the inner cir- 
cumference 30 of the movable portion 24, and 
transmitting means 46 that transmits the rotating force 
of the drive shaft 32 to the first and second eccentric 
rings 38, 44. The transmitting means 46 has the func- 
tion of converting the rotating force to the rotation move- 
ments opposite to each other of the first and second 
eccentric rings 38, 44 and comprises, for example, 
gears, a belt or a chain. 
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[0020] A plurality of rollers (rolling bodies) 52 are 
disposed between the outer circumference 34 of the 
inner housing 36 and the inner circumference 48 of the 
first eccentric ring 38, between the outer circumference 
50 of the first eccentric ring 38 and the inner circumfer- 
ence 40 of the second eccentric ring 44, and between 
the outer circumference 44 of the second eccentric ring 
and the inner circumference 30 of the movable portion 
24. 

[0021] Operation of the tool holder 10 having con- 
stitution described above according to the first embodi- 
ment will now be described below. 
[0022] When the drive shaft 32 rotates in the direc- 
tion indicated by arrow C under the action of the drive 
mechanism 18, the first and second eccentric rings 38, 
44 are driven by the transmitting means 46 to rotate in 
directions opposite to each other. Specifically, the first 
eccentric ring 38 rotates in the direction indicated by 
arrow D while the second eccentric ring 44 rotates in the 
direction indicated by arrow E, as shown in Fig.2. 
[0023] The elastic portions 26a, 26b are flat plates 
disposed in parallel to each other, and can deform only 
in the direction of arrow B. As a result, as the first and 
second eccentric rings 38, 44 rotate in directions oppo- 
site to each other in synchronization, the movable por- 
tion 24 with which the outer circumference 42 of the 
second eccentric ring 44 is engaged via a roller 52 
moves in substantially parallel to the arrow B relative to 
the fixed portion 22 via the elastic portions 26a, 26b. 
[0024] Specifically, as shown in Fig.2 and Fig.3(a), 
under such a condition as the drive shaft 32 takes a pre- 
determined initial angular position (0 ), center 02 of the 
second eccentric ring 44 becomes concentric with the 
center O of the shank 12. Then as the first and second 
eccentric rings 38, 44 rotate in directions opposite to 
each other by the same angle, the second eccentric ring 
44 moves linearly in the direction of arrow B1 as shown 
in Fig.3(b) and (c), so that the outer circumference 42 of 
the second eccentric ring 44 presses the inner circum- 
ference 30 of the movable portion 24 that is engaged via 
the roller 52 in the direction of arrow B1 . 
[0025] As a consequence, the movable portion 24 
makes substantially parallel movement (hereinafter 
referred to simply as parallel movement) in the direction 
of arrow B1 under the pressing force of the outer cir- 
cumference 42 of the second eccentric ring 44, so that 
the tool 1 4 mounted on the movable portion 24 makes 
parallel movement in the direction of arrow B1. When 
the first and second eccentric rings 38, 44 rotate in 
directions opposite to those described above, the mov- 
able portion 24 makes parallel movement in the direc- 
tion of arrow B2 under the pressing force of the outer 
circumference 42 of the second eccentric ring 44, so 
that position of the tool 1 4 is adjusted in the direction of 
arrow B2. 

[0026] Thus according to the first embodiment, 
when the force to rotate around the axis of the shank 1 2 
is transmitted via the drive shaft 32, the first and second 
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eccentric rings 38, 44 that constitute the rotating force 
conversion mechanism 20 rotate in directions opposite 
to each other in synchronization, and the position of the 
tool 14 is adjusted linearly and efficiently in the radial 

5 direction of the shank 1 2 together with the movable por- 
tion 24 via the elastic portion comprising a pair of flat 
plates parallel to each other. Thus the housing 16 itself 
whereon the tool 14 is mounted has the function of 
adjusting the position and is capable of automatically 

yo and easily adjusting the position of the tool nose 1 4a of 
the tool 14 in the radial direction of the shank 12, while 
the housing 16 has sufficient durability against the 
resistance to the cutting operation by the tool 14. 
[0027] A plurality of the rollers 52 are disposed in 

15 sliding portions of the inner housing 36, the first eccen- 
tric ring 38, the second eccentric ring 44 and the mova- 
ble portion 24, so that the rotating force conversion 
mechanism 20 is driven smoothly. The rollers 52 may be 
replaced by balls, while an oil-impregnated bearing may 

20 be employed and such a constitution may also be 
employed that does not use rolling bodies. 
[0028] Fig. 4 is a longitudinal sectional view showing 
a tool holder 54 according to the second embodiment of 
the present invention. Components identical to those of 

25 the tool holder 10 of the first embodiment will be 
denoted with the identical reference numerals and 
detailed description thereof will be omitted. 
[0029] The tool holder 54 has a housing 56, the 
drive mechanism 18 and a rotating force conversion 

30 mechanism 58. The rotating force conversion mecha- 
nism 58 has an outer housing 62 that is fixed on the 
shank 12 while surrounding the housing 56 and has an 
inner circumference 60 which is concentric with the 
shank 12, a first eccentric ring 38 that is freely rotatable 

35 along the outer circumference 64 of the movable portion 
24, a second eccentric ring 44 that is freely rotatable 
along the inner circumference 60 of the outer housing 
62, and transmitting means 46 that transmits the rotat- 
ing force of the drive shaft 32 to the first and second 

40 eccentric rings 38, 44. 

[0030] In the tool hoder 54 having such a constitu- 
tion as described above, when the drive shaft 32 rotates 
in the direction of arrow C under the action of the drive 
mechanism 18, the first and second eccentric rings 38, 

45 44 are driven by the transmitting means 46 to rotate in 
directions opposite to each other in synchronization. In 
the housing 56, at this time, the movable portion 24 can 
deform only in the direction of arrow B via the elastic 
portions 26a, 26b of the pair of flat plates parallel to 

so each other, while the outer housing 62 that supports the 
outer circumference of the second eccentric ring 44 is 
fixed on the shank 12 and cannot move in the direction 
of arrow B. Consequently, as the first and second 
eccentric rings 38, 44 rotate in directions opposite to 

55 each other in synchronization, the movable portion 24 
moves in substantially parallel to the direction of arrow B 
relative to the fixed portion 22. 

[0031] According to the second embodiment, since 
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the housing 56 is disposed in the outer housing 62, as 
described above, diameter of the housing 56 can be 
effectively made smaller. As a result, the housing 56 
itself can be made smaller in size and sufficient rigidity 
of the housing 56 can be maintained. 
[0032] Fig.5 is a longitudinal sectional view showing 
a tool holder 70 of the third embodiment of the present 
invention. The tool holder 70 is, on one end thereof, 
fixed on a shank 72 and has, on the other end thereof, a 
housing 76 whereon a tool 74 such as a boring bar is 
mounted, a drive mechanism 78 that imparts a force to 
rotate around the axial direction (direction of arrow A) of 
the shank 72, and a rotating force conversion mecha- 
nism 80 that is capable of adjusting the position of the 
tool 74 in the radial direction by converting the rotating 
force into linear motion in the radial directions (direction 
of arrow B) of the shank 72. 

[0033] The housing 76 has a fixed portion 82 that is 
fixed on the shank 72, a movable portion 84 whereon 
the tool 74 is mounted, elastic portions 86a, 86b that are 
disposed integrally between the fixed portion 82 and the 
movable portion 84 and are capable of moving freely in 
one straight direction (direction of arrow B) among the 
radial directions perpendicular to the axial direction of 
the shank 72, a first support 88 that is located inward 
from the elastic portion 86a and protrudes from the fixed 
portion 82 toward the movable portion 84, and a second 
support 90 that is located inward from the elastic portion 
86b and protrudes from the movable portion 84 toward 
the fixed portion 82. 

[0034] The elastic portions 86a, 86b are made in 
the form of parallel flat plates of relatively small thick- 
ness so as to be capable of elastically deforming. The 
first support 88, the second support 90 and the elastic 
portions 86a, 86b are provided integrally by forming an 
S-shaped slit 91 in the housing 76. 
[0035] The rotating force conversion mechanism 80 
has a tapered shaft 94 that is connected to a drive shaft 
92 which constitutes the drive mechanism 78 thereby to 
rotate and has a center axis concentric with the center 
axis of the shank 72 when not in operation, a power ring 
(ring member) 96 that is integrally inserted in an inner 
surface 88a of the first support 88 and an inner surface 
90a of the second support 90 and has a tapered inner 
circumferential surface 94a formed therein that is sepa- 
rated by a predetermined clearance S from the tapered 
outer circumferential surface 94a of the tapered shaft 
94, and a plurality of rollers 98 that are disposed in the 
clearance S to make integral contact with the tapered 
outer circumferential surface 94a and the tapered inner 
circumferential surface 96a while rolling with the center 
axes thereof being inclined by an angle from the axial 
direction of the tapered shaft 94 toward the circumfer- 
ence of the tapered outer circumferential surface 94a. 
The roller members 98 make point contact with the 
tapered outer circumferential surface 94a and the 
tapered inner circumferential surface 96a, although the 
tapered outer circumferential surface 94a and the 


tapered inner circumferential surface 96a may also be 
curved surfaces or the roller members 98 may be 
formed in an oval shape in order to ensure more reliable 
contact. 

5 [0036] As shown in Fig. 6, the power ring 96 has 
straight outer circumference with a pair of slits 97 being 
disposed in proximity of each other on both sides 
thereof, and can be expanded within a predetermined 
range. 

10 [0037] Operation of the tool holder 70 having the 
constitution described above according to the third 
embodiment will be described below. 
[0038] When the drive shaft 92 rotates in the direc- 
tion indicated by arrow C under the action of the drive 

75 mechanism 78, the tapered shaft 94 rotates so tat the 
plurality of roller members 98 that make sliding contact 
with the tapered outer circumferential surface 94a of the 
tapered shaft 94 rotate. The roller members 98 are 
inclined by an angle toward the circumference of the 

20 tapered outer circumferential surface 94a. When the 
roller members 98 rotate, so that the power ring 96 is 
pressed in the direction to increase the diameter 
thereof. 

[0039] The power ring 96 is integrally inserted in the 

25 inner surface 88a of the first support 88 and the inner 
surface 90a of the second support 90 while the first sup- 
port 88 is connected to the shank 72 via the fixed por- 
tion 82 and the second support 90 is connected to the 
movable portion 84 that is freely movable in the direc- 

30 tion of arrow B. Consequently, the power ring 96 causes 
the movable portion 84 to move in the direction of arrow 
B under the rotating action of the roller members 98, 
and the movable portion 84 makes parallel movement in 
the direction of arrow B via the elastic portions 86a, 86b 

35 forming a pair of flat plates parallel to each other. Thus 
the tool 74 mounted on the movable portion 84 makes 
parallel movement in the direction of arrow B and posi- 
tion of the tool tip 74a is adjusted. 
[0040] In the third embodiment, as described 

40 above, the housing 76 itself whereon the tool 74 is 
mounted has the function of adjusting the tool position, 
similar effects to those of the first embodiment can be 
achieved such as the capability to automatically and 
easily adjust the position of the tool 74 in the radial 

45 direction of the shank 72, and the capability of the hous- 
ing 76 to sufficiently tolerate the resistance to cutting 
operations by the tool 74. 

[0041] Fig. 7 is a perspective view showing the 
whole of an apparatus 100 according to the fourth 

so embodiment of the present invention. Fig.8 is a longitu- 
dinal sectional view of a tool holder 102 that constitutes 
the apparatus 1 00. Components identical to those of the 
tool holder 10 of the first embodiment will be denoted 
with the identical reference numerals and detailed 

55 description thereof will be omitted. 

[0042] The apparatus 100 comprises a machine 
tool 104, a tool holder 102 that can be freely mounted 
on and removed from a spindle (ATC spindle) 1 06 of the 


5 


9 


EP 1 070 563 A1 


10 


machine tool 104, a communication control circuit 
(transceiver) 1 08 installed in the tool holder 1 02, a con- 
troller 1 10 that carries out radio communication with the 
communication control circuit 1 08 by means of electro- 
magnetic wave, and a battery charger 1 1 4 that charges 5 
a battery (DC power source) 112 that is incorporated in 
the tool holder 102. 

[0043] The spindle 106 is connected to a rotary 
drive power source not shown and is rotatably sup- 
ported by a movable base 115 to be capable of freely 10 
moving in the direction of arrow X (horizontal direction), 
the direction of arrow Y (vertical direction) and the direc- 
tion of arrow Z (axial direction). 

[0044] As shown in Fig. 8, the battery 112 supplies 
electric power via a power circuit 1 1 6 to the drive mech- 15 
anism 1 8, while a pair of charging terminals 1 1 8a, 1 1 8b 
are provided on the outer circumference of the tool 
holder 102 for replenishing electric power to the battery 
1 12 from a pair of charging pins 114a, 1 14b of the bat- 
tery charger 1 14. The tool holder 102 has an antenna 20 
120 incorporated therein, while control signals sent 
from the controller 1 1 0 to the antenna 1 20 by radio com- 
munication is demodulated by the communication con- 
trol circuit 108 that is connected to the antenna 120, 
thereby to control the drive mechanism 1 8 via the power 25 
circuit 116. 

[0045] The inner housing 36 has an electrical com- 
ponent mounting hole 122 formed at the center thereof, 
while a plurality of battery holes 124 and a motor hole 
126 are formed to surround the electrical component 30 
mounting hole 122. The electrical component mounting 
hole 122 incorporates the communication control circuit 
108 and an electronic circuit board 127 that constitutes 
the power circuit 1 1 6. Batteries 1 1 2 are housed in the 
plurality of battery holes 124 and the motor hole 126 35 
accommodates a reversible DC motor 1 28, that consti- 
tutes the drive mechanism 18, being disposed via a 
motor housing 130. 

[0046] A speed reducer 132 is connected to the 
drive shaft of the DC motor 1 28. The speed reducer 1 32 40 
is designed to have a high speed reduction ratio and is 
housed in the motor housing 130. The motor housing 
130 has notch 130a formed on the outer circumference 
thereof thereby to permit deformation of the motor hous- 
ing 130 itself in the direction of arrow B, since an output 45 
shaft 134 of the speed reducer 132 experiences a slight 
displacement in the direction of arrow B. 
[0047] As shown in Fig. 8 and Fig. 9, a gear adapter 
136 is connected to the output shaft 134 of the speed 
reducer 1 32, while the gear adapter 1 36 is provided with so 
a first drive gear 1 40 of a smaller diameter and a second 
drive gear 138 of a larger diameter that constitute trans- 
mitting means 46 are mounted concentrically thereon. 
The second drive gear 1 38 is in mesh with an internal 
gear 1 42 that is fixed on an end of the second eccentric 55 
ring 44, and the first drive gear 140 is in mesh with an 
external gear 144 that is fixed on an end of the first 
eccentric ring 38. The second drive gear 138, the first 


drive gear 140, the internal gear 142 and the external 
gear 144 are configured so that the first and second 
eccentric rings 38, 44 are driven by the DC motor 128 to 
rotate in synchronization with each other by the same 
angle in opposite directions. The first and second drive 
gears 140, 138 are directly in mesh with the external 
gear 144 and the internal gear 142, but may also be in 
indirect mesh via a chain, belt or the like. 
[0048] As shown in Fig. 10, the pitch circle diameter 
X of the external gear 144, the pitch circle diameter x of 
the first drive gear 1 40 that is in mesh with the external 
gear 1 44, the pitch circle diameter Y of the internal gear 
1 42 and the pitch circle diameter y of the second drive 
gear 138 that is in mesh with the internal gear 142 are 
set so as to satisfy the relationships: X=ax , Y=ay (a is 
the speed reduction ratio), namely X/x = Y/y . Also rela- 
tionship Y=X+x+y is satisfied and the distance r 
between the centers is given as r = (X+x)/2 = (Y+y)/2 . 
A practical example that satisfies the above relation- 
ships is shown in Fig.1 1 . 

[0049] The tool holder 1 02 is provided with a detect- 
ing mechanism (tool position detecting mechanism) 146 
that detects the state of adjusting the position of the tool 
1 4 in the direction of arrow B by the rotating force con- 
version mechanism 20. The detecting mechanism 146 
has a pin 150 that is fixed on the end face of the inner 
housing 36 via the adapter 148, and a displacement 
detecting sensor (linear sensor) 154 that is fixed via the 
adapter 152 in the movable portion 24 which constitutes 
the housing 16, as shown in Fig.8 and Fig. 12. 
[0050] The sensor 154 has a coil 158 disposed in a 
magnetic shield 156 as shown in Fig. 12, and a meas- 
urement core 162 can freely move back and forth along 
a guide 160 whereon the coil 158 is installed from the 
outside. The measurement core 162 is mounted on the 
contact portion 1 64 whereon one end of a bellows cap- 
sule 166 made of a metal is fixed so that the bellows 
capsule 1 66 covers the coil 1 58 and the magnetic shield 
156. The bellows capsule 166 has the function of pro- 
tecting the detecting mechanism 146 as a whole from 
water. As long as this function can be performed, the 
bellows capsule 166 may also have other construction 
such as a cylinder provided with an O-ring or a rubber 
cover. 

[0051 ] The coil 1 58 of the sensor 1 54 is connected 
to an oscillation and modulation circuit 168 that is 
mounted on the electronic circuit board 127 incorpo- 
rated in the tool holder 102 (refer to Fig.8). The oscilla- 
tion and modulation circuit 168 transmits high- 
frequency signals in mega-Hertz band via the communi- 
cation control circuit 108 to the transmitter 170 that has 
the antenna 120 connected thereto. Connected to the 
antenna 120 is a receiver 172. Signals received by the 
receiver 1 72 are sent from the communication control 
circuit 1 08 to the power circuit 1 1 6 thereby to control the 
DC motor 128 to rotate forward or backward by means 
of a motor drive circuit 174. 

[0052] Operation of the apparatus 1 00 having such 
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a constitution as described above according to the 
fourth embodiment will be described below. 
[0053] The tool holder 102 mounted on the spindle 
1 06 as shown in Fig. 7 moves selectively in the direction 
of arrow X, the direction of arrow Y or the direction of 
arrow Z while rotating under the action of the machine 
tool 1 04 thereby to carry out specified machining opera- 
tion (for example, boring) on a workpiece not shown. 
When the tool tip of the tool 14 has worn and is replaced 
with a new tool 14 or the tool nose diameter has 
changed due to wear, adjustment of the tool nose posi- 
tion of the tool 1 4 is carried out. 

[0054] Specifically, the spindle 106 is moved to a 
predetermined standby position and the tool holder 1 02 
becomes ready till a series of machining operations are 
completed and a next workpiece (not shown) is to be 
machined. The control signal sent from the controller 
1 10 via radio communication is caught by the antenna 
1 20 and is sent to the communication control circuit 1 08 
via the receiver 1 72 connected to the antenna 120. The 
signal sent by the radio communication is processed by 
the communication control circuit 108 thereby to control 
the DC motor 1 28 via the power circuit 1 1 6 by means of 
the motor drive circuit 174 that constitutes the drive 
mechanism 18. 

[0055] As the DC motor 128 rotates, the rotation is 
reduced by the speed reducer 132 to a significantly 
lower speed and is transmitted via the gear adapter 
136, that is connected to the output shaft 134 of the 
speed reducer 132, to the first and second drive gears 
140, 138 that rotate together. As a consequence, the 
external gear 144 that is in mesh with the first and sec- 
ond drive gears 140, 138 and the first and second 
eccentric rings 38, 44 whereon the internal gear 1 42 is 
fixed rotate by the same angle in opposite directions to 
each other, so that the movable portion 24 of the hous- 
ing 16 makes parallel movement in the direction of 
arrow B integrally with the tool 14. 
[0056] At this time, when the movable portion 24 
moves in the direction of arrow B, the contact portion 
164 is pressed by the pin 150 so that the measurement 
core 162 makes sliding movement along the guide 160 
as shown in Fig. 12. Then total conductance of the coil 
158 changes so that the oscillation and modulation cir- 
cuit 168 generates sensor-adjustable high-frequency 
(MHz) signal that is sent by the transmitter 170 via the 
antenna 120 to the controller 1 10 by radio communica- 
tion. The signals are demodulated by the controller 110 
and counted, thereby to determine the displacement of 
the sensor 154, namely displacement of the tool 14 in 
the direction of arrow B. 

[0057] According to the fourth embodiment, dis- 
placement of the tool 14 in the direction of arrow B is 
automatically detected by the detecting mechanism 
146, with the result of measurement being sent to the 
controller 1 1 0 via radio communication and used by the 
controller 110 to control the drive mechanism 18 via 
radio communication according to the result of detec- 


tion. Consequently, the tool holder 102 itself has high 
rigidity enough to bear high-speed rotation and vibration 
caused by cutting operation, while achieving the effect 
of carrying out automatic adjustment of the tool 1 4 posi- 
5 tion with a high accuracy. Similar effects can also be 
achieved by replacing the tool holder 54 of the second 
embodiment with the tool holder 1 02 that constitutes the 
apparatus 100. 

[0058] When the battery 112 incorporated in the 

10 tool holder 1 02 is to be recharged, the tool holder 1 02 is 
removed from the spindle 106 and is set on the battery 
charger 1 1 4. Then the pair of charging pins 1 1 4a, 1 1 4b 
of the battery charger 1 14 are connected to the pair of 
charging terminals 118a, 118b of the tool holder 102, 

15 and the battery 1 12 is recharged smoothly The pair of 
charging pins 114a, 114b of the battery charger 114 
may be replaced by a single pin jack. 
[0059] Fig. 13 is a side view showing a tool holder 
202 that constitutes an apparatus 200 according to the 

20 fifth embodiment of the present invention. Fig. 14 is a 
sectional view along line XIV-XIV in Fig. 13. 
[0060] The apparatus 200 has a constitution similar 
to that of the apparatus 100 of the fourth embodiment 
shown in Fig. 7, except for a tool holder 202 being 

25 mounted instead of the tool holder 102, and detailed 
description will be omitted. The tool holder 202 has a 
constitution similar to that of the tool holder 70 of the 
third embodiment. Components identical to those of the 
latter will be denoted with the identical reference numer- 
ic als and detailed description thereof will be omitted. 

[0061] The tool holder 202 has the battery (DC 
power source) 112 and an he electronic circuit board 
206. The tool holder 202 is provided with the pair of 
charging terminals 1 18a, 1 18b for charging the battery 

35 112 and the antenna 120 installed on the outer circum- 
ference of the tool holder 202. The electronic circuit 
board 206 comprises the power circuit 1 1 6 that supplies 
electric power of the battery 11 2 to the drive mechanism 
78 and the communication control circuit 108 that is 

40 connected to the antenna 1 20. 

[0062] The drive mechanism 78 has the reversible 
DC motor 129 of which drive shaft is connected to a 
speed reducer 214. Connected to an output shaft 21 6 of 
the speed reducer 21 4 is a drive adapter 218 that has a 

45 sl'rt 220 formed thereon to extend in the axial direction 
(direction of arrow A) toward the distal end thereof. The 
tapered shaft 94 engages in the slit 220 via a pin 222 to 
be freely movably forward and backward in the axial 
direction. Disposed on the distal end side of the housing 

so 76 is a detecting mechanism 224 that detects the state 
of adjusting the tool 74 in the direction of arrow B by the 
rotating force conversion mechanism 80. 
[0063] The detecting mechanism 224 has a consti- 
tution similar to that of the detecting mechanism 146, 

55 and components identical to those of the latter will be 
denoted with the identical reference numerals with 
detailed description thereof being omitted. As shown in 
Fig.13 and Fig. 15, the detecting mechanism 224 has a 
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sensor 154 and a sensor pressing portion 226. An 
adapter 152 whereon the sensor 154 is mounted is fas- 
tened onto one half of the power ring 96 by means of 
screw, and the sensor pressing portion 226 is fastened 
onto the other half of the power ring 96 by means of 5 
screw while opposing the sensor 154. 
[0064] Operation of the apparatus 200 having such 
a constitution as described above according to the fifth 
embodiment will be described below. Basic operation of 
the apparatus 200 is similar to the operation of the 10 
apparatus 100 of the fourth embodiment, and therefore 
the operation of the tool holder 202 will be briefly 
described. 

[0065] As the DC motor 128 rotates, the rotation 
speed is reduced by the speed reducer 21 4 to a signifi- 15 
cantly lower speed and is transmitted to a drive adapter 
218 that is connected to the output shaft 216 of the 
speed reducer 214 and rotates. Accordingly, the 
tapered shaft 94 that is engaged with the drive adapter 
218 via the slit 220 and the pin 222 rotates, while the 20 
plurality of rollers 98 that make sliding contact with the 
tapered surface 94a of the tapered shaft 94 rotate. 
Accordingly, the tapered shaft 94 the rollers 98 rotate in 
the forward and backward directions (direction of arrow 
A), while the power ring 96 expands or contracts within 25 
a predetermined range, so that the position adjustment 
operation of the tool 74 is performed. 
[0066] In the fifth embodiment, the tool holder 202 
itself has a rigidity high enough to bear high-speed rota- 
tion and vibration caused by the cutting operation, while 30 
achieving the effects similar to those of the third embod- 
iment of carrying out automatic position adjustment of 
the tool 74 with a high accuracy. 

EFFECTS OF THE INVENTION 35 

[0067] In the tool position adjustment mechanism 
and the apparatus of the present invention, when a 
force to rotate around the center axis of the shank is 
applied via the drive mechanism, the rotating force is ao 
converted to linear motion in only one straight direction 
among radial directions under the action of the rotating 
force conversion mechanism. The housing has the fixed 
portion that is installed on the shank, the movable por- 
tion whereon the tool is mounted and the elastic portion 45 
of parallel plates disposed between the fixed portion 
and the movable portion, with the tool position being 
adjusted in the radial direction of the shank. 
[0068] Thus the housing itself whereon the tool is 
mounted has the function to adjust the position and is so 
capable of bearing high-speed rotation and vibration 
caused by the cutting operation, while making it possi- 
ble to automatically and easily adjust the position with 
respect to the radial direction of the shank. 


BRIEF DESCRIPTION OF THE DRAWINGS 
[0069] 

Fig. 1 is a longitudinal sectional view showing the 
tool holder according to the first embodi- 
ment of the present invention. 

Fig. 2 is a sectional view along line ll-ll in Fig.1. 

Fig. 3 is a drawing for explaining the operation of 
the rotating force conversion mechanism 
that constitutes the tool holder. 

Fig. 4 is a longitudinal sectional view showing the 
tool holder according to the second embod- 
iment of the present invention. 

Fig. 5 is a longitudinal sectional view showing the 
tool holder according to the third embodi- 
ment of the present invention. 

Fig. 6 is a side view of the power ring that consti- 
tutes the tool holder. 

Fig. 7 is a schematic perspective view of the appa- 
ratus of the fourth apparatus. 

Fig. 8 is a longitudinal sectional view showing the 
tool holder that constitutes the apparatus 
according to the fourth embodiment of the 
present invention. 

Fig. 9 is an exploded perspective view of the rotat- 
ing force conversion mechanism that consti- 
tutes the tool bolder. 

Fig. 10 is a drawing for explaining the setting of the 
diameters of the gears that constitute the 
rotating force conversion mechanism. 

Fig. 11 shows examples of the diameters of the 
gears calculated. 

Fig. 12 is a block diagram of circuits of the detecting 
mechanism incorporated in the tool holder. 

Fig. 13 is a longitudinal sectional view showing the 
tool holder that constitutes the apparatus 
according to the fifth embodiment of the 
present invention. 

Fig. 14 is a sectional view along line XIV-XIV in 
Fig. 13 

Fig. 15 is a block diagram of circuits of the detecting 
mechanism incorporated in the tool holder. 
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DESCRIPTION OF REFERENCE NUMERALS 
[0070] 

1 0, 54, 70, 1 02, 202: Tool holder 5 
14,74: Tool 
16,56,76: Housing 
18, 78: Drive mechanism 

20, 58, 80: Rotating force conversion 

mechanism 10 
22, 82: Fixed portion 

24, 84: Movable portion 

26a, 26b, 86a, 86b: Elastic portion 
36: Inner housing 

38, 44: Eccentric ring 15 

46: Transmitting means 

52: Roller 
62: Outer housing 

94: Tapered shaft 

96: Power ring 20 

98: Roller member 

1 00, 200: Apparatus 
106: Spindle 
108: Communication control circuit 

110: Controller 25 

112: Battery 
114: Battery charger 

128: DC motor 

146, 224: Detecting mechanism 

30 

Claims 

1. A tool position adjustment mechanism comprising: 

a housing having a fixed portion that is installed 35 
on a shank integrally or separately, a movable 
portion whereon a tool is mounted and an elas- 
tic portion comprising a pair of flat plates paral- 
lel to each other and capable of freely moving 
said tool in only one straight direction among 40 
radial directions perpendicular to the axial 
direction of said shank; 

a drive mechanism that applies a force to rotate 
around the axis of said shank; 
a rotating force conversion mechanism that is 45 
• capable of adjusting the position of said tool in 
said radial direction by converting said rotating 
force into reciprocal moving force along said 
radial direction. 

50 


2. A tool position adjustment mechanism having the 
structure described in claim 1 wherein said rotating 
force conversion mechanism comprises: 


16 

set from the center axis of said shank and is 
freely rotatable along the outer circumference 
of said inner housing; 

a second eccentric ring that has an inner cir- 
cumference which houses said first eccentric 
ring being offset while the outer circumference 
thereof is freely rotatable along the inner cir- 
cumference of said movable portion; and 
power transmitting means that transmits the 
rotating force of said drive mechanism after 
conversion thereof into opposite and synchro- 
nized rotating movements of said first and sec- 
ond eccentric rings. 

3. A tool position adjustment mechanism having the 
structure described in claim 2 wherein said trans- 
mitting means comprises: 

a first drive gear and a second drive gear con- 
nected to said drive mechanism; 
an external gear that is mounted on said first 
eccentric ring and is in mesh with said first 
drive gear; and 

an internal gear that is mounted on said sec- 
ond eccentric ring and is in mesh with said sec- 
ond drive gear, 

wherein the pitch circle diameter X of said 
external gear, the pitch circle diameter x of said 
first drive gear, the pitch circle diameter Y of 
said internal gear and the pitch circle diameter 
y of said second drive gear are set so as to sat- 
isfy the following relationships: 

X/x = Y/y, X + x = Y - y. 

4. A tool position adjustment mechanism having the 
structure as described in claim 2 wherein a plurality 
of rolling bodies are disposed between the outer cir- 
cumference of said inner housing and the inner cir- 
cumference of said first eccentric ring, between the 
outer circumference of said first eccentric ring and 
the inner circumference of said second eccentric 
ring, and between the outer circumference of said 
second eccentric ring and the inner circumference 
of said movable portion. 

5. A tool position adjustment mechanism having the 
structure described in claim 1 wherein said rotating 
force conversion mechanism comprises: 

an outer housing that is fixed on said shank 
while surrounding said housing and has an 
inner circumference which is concentric with 
said shank; 

a first eccentric ring that has a center being off- 
set from the center axis of said shank and is 
freely rotatable along the outer circumference 
of said movable portion; 


an inner housing that is fixed on said shank in 55 
said housing and has an outer circumference 
which is concentric with said shank; 
a first eccentric ring that has a center being off- 


9 


17 


EP 1 070 563 A1 


18 


a second eccentric ring that has an inner cir- 
cumference which houses said first eccentric 
ring being offset while the outer circumference 
thereof is freely rotatable along the inner cir- 
cumference of said outer housing; and 
power transmitting means that transmits the 
rotating force of said drive mechanism after 
conversion thereof into opposite and synchro- 
nized rotating movements of said first and sec- 
ond eccentric rings. 

6. A tool position adjustment mechanism having the 
structure as described in claim 5 wherein a plurality 
of rolling bodies are disposed between the outer cir- 
cumference of said movable portion and the inner 
circumference of said first eccentric ring, between 
the outer circumference of said first eccentric ring 
and the inner circumference of said second eccen- 
tric ring, and between the outer circumference of 
said second eccentric ring and the inner circumfer- 
ence of said outer housing. 

7. A tool position adjustment mechanism having the 
structure as described in claim 1 wherein said rotat- 
ing force conversion mechanism comprises: 

a tapered shaft that is connected to said drive 
mechanism to rotate thereby and has a center 
axis disposed concentrically with the center 
axis of said shank; 

an expandable and contractable ring member 
that is integrally inserted into the inner surface 
of a first support portion protruding from said 
fixed portion toward said movable portion and 
into the inner surface of a second support por- 
tion protruding from said movable portion 
toward said fixed portion, and has a tapered 
inner circumferential surface that is spaced by 
a predetermined clearance from the tapered 
outer circumferential surface of said tapered 
shaft; and 

roller members that are disposed in said clear- 
ance to make integral contact with said tapered 
outer circumferential surface and said tapered 
inner circumferential surface, and roll with the 
center axis thereof being inclined in the circum- 
ferential direction with respect to the axial 
direction of said tapered shaft. 

8. A tool position adjustment mechanism having the 
structure as described in claim 1 further comprising 
a tool position detecting mechanism that detects 
the moving state of said tool in said radial direction. 

9. An apparatus comprising: 

a tool holder whereon a tool is mounted; 

a transceiver mechanism installed in said tool 


40 


45 


50 


holder; and 

a controller that carries out radio communica- 
tion with said transceiver mechanism, 
wherein said tool holder comprises: 
a housing having a fixed portion that is installed 
on a shank integrally or separately, a movable 
portion whereon a tool is mounted and an elas- 
tic portion comprising a pair of flat plates paral- 
lel to each other capable of freely moving said 
tool in only in one straight direction among the 
radial directions perpendicular to the axial 
direction of the shank; 

a drive mechanism that applies a force to rotate 
around the axis of said shank; 
a rotating force conversion mechanism that is 
capable of adjusting the position of said tool in 
said radial direction by converting said rotating 
force into reciprocal movement along said 
radial direction; and 

a tool position detecting mechanism that 
detects the moving state of said tool in said 
radial direction, 

wherein said controller carries out radio com- 
munication with said transceiver mechanism 
thereby to make it possible to control said drive 
mechanism according to signals from the tool 
position detecting mechanism. 

10. An apparatus as described in claim 9 wherein the 
rotation force conversion mechanism comprises: 

an inner housing that is fixed on said shank in 
said housing and has an outer circumference 
which is concentric with said shank; 
a first eccentric ring that has a center being off- 
set from the center axis of said shank and is 
freely rotatable along the outer circumference 
of said inner housing; 

a second eccentric ring that has an inner cir- 
cumference which accommodates said first 
eccentric ring and is disposed so that the 
center thereof is offset, while the outer circum- 
ference thereof is freely rotatable along the 
inner circumference of said movable portion; 
and 

power transmitting means that transmits the 
rotating force of said drive mechanism after 
conversion thereof into opposite and synchro- 
nized rotating movements of said first and sec- 
ond eccentric rings. 

11. An apparatus as described in claim 9 wherein the 
rotation force conversion mechanism comprises: 

an outer housing that is fixed on said shank 
while surrounding said housing and has an 
inner circumference which is concentric with 
said shank; 
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a first eccentric ring of which center is offset 
from the center axis of said shank and is freely 
rotatable along the outer circumference of said 
movable portion; 

a second eccentric ring having an inner circum- 5 
ference, that accommodates said first eccentric 
ring, of which center is offset, while the outer 
circumference thereof is freely rotatable along 
the inner circumference of said outer housing; 
and 10 
power transmitting means that transmits the 
rotating force of said drive mechanism after 
conversion thereof into opposite and synchro- 
nized rotating movements of said first and sec- 
ond eccentric rings. 75 

12. An apparatus as described in claim 9 wherein said 
rotating force conversion mechanism comprises: 

a tapered shaft that is connected to said drive 20 
mechanism to rotate thereby and has a center 
axis disposed concentrically with the center 
axis of said shank; 

an expandable and contractable ring member 
that is integrally inserted into the inner surface 25 
of a first support portion protruding from said 
fixed portion toward said movable portion and 
into the inner surface of a second support por- 
tion protruding from said movable portion 
toward said fixed portion, and has a tapered 30 
inner circumferential surface that is spaced by 
a predetermined clearance from the tapered 
outer circumferential surface of said tapered 
shaft; and 

roller members that are disposed in said clear- 35 
ance to make integral contact with said tapered 
outer circumferential surface and said tapered 
inner circumferential surface, and roll with the 
center axis thereof being inclined in the circum- 
ferential direction with respect to the axial 40 
direction of said tapered shaft. 

13. An apparatus as described in claim 9 wherein said 
tool holder is configured to be freely mountable on 
and removable from the spindle. 45 
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